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ABSTRACT
Background  Despite growing concern over tobacco 
use in sub-Saharan Africa, evidence on the association 
between cigarette prices and adult smoking behaviour in 
the region is limited.
Objectives  To provide new evidence on the association 
between cigarette prices and adult smoking in eight sub-
Saharan African countries.
Methods  The analysis uses data from 51 270 
individuals taken from the Global Adult Tobacco 
Survey, which was conducted in eight African countries 
during 2012–2018. The relationship between prices 
and smoking is estimated using probit models for 
smoking participation and generalised linear models for 
conditional cigarette demand.
Results  Higher prices are significantly associated with 
lower cigarette demand across African countries. The 
estimated price elasticity of participation is –0.362 (95% 
CI –0.547 to –0.177). The price elasticity of conditional 
cigarette demand is –0.133 (95% CI –0.194 to –0.072) 
for people who have just started smoking. The estimated 
total price elasticity of cigarette demand by new adult 
smokers is –0.495. The absolute value of the conditional 
demand elasticity becomes smaller by 0.004 units for 
each additional year that a person smokes. For the 
average smoker in the sample, with a smoking duration 
of 18.07 years, the total elasticity estimate is –0.422.
Conclusions  Higher cigarette prices significantly 
decrease the likelihood of smoking and decrease the 
intensity of cigarette consumption among African adults. 
Increases in the excise tax that increase the retail price 
of cigarettes will play an important role in reducing 
adult tobacco use on the continent. Governments are 
encouraged to increase excise taxes to improve public 
health.

INTRODUCTION
Despite declining global tobacco use, Africa is posi-
tioned to experience a tobacco epidemic due to the 
fast economic and population growth, coupled with 
intensive marketing efforts by the tobacco industry.1 
Increasing the excise tax on tobacco products is a 
powerful tool for reducing the demand for tobacco 
products,2–4 and the Article 6 Guidelines of the 
WHO Framework Convention on Tobacco Control 
encourage Parties to consistently raise taxes on 
tobacco products to render them less affordable 
over time.5 Yet countries on the African continent 
have some of the lowest tobacco tax rates in the 
world.6

Although comprehensive international liter-
ature reviews show that tax-induced cigarette 

price increases reduce cigarette consumption and 
increase government revenues,3 7 policymakers 
still demand local evidence before implementing 
policy changes.8 Table 1 summarises the existing 
research on the relationship between cigarette 
prices and adult cigarette demand in sub-Saharan 
Africa.

This body of literature has three limitations. 
First, it is dominated by evidence from South 
Africa. Second, many of these studies use aggre-
gate data, which have several shortcomings 
that can be addressed by using survey data.9 10 
For example, aggregate data cannot be used to 
determine whether a price-induced decline in 
consumption comes from a decrease in preva-
lence, or a decrease in intensity among users, 
whereas individual-level data permit this distinc-
tion to be made.9 Also, in an aggregate demand 
model, aggregate cigarette demand is modelled 
as a function of country cigarette prices, which 
often leads to a simultaneity bias.10 This bias 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Countries on the African continent have some 
of the lowest tobacco tax rates in the world.

	⇒ Policymakers demand local evidence before 
implementing policy changes.

	⇒ Evidence on the association between cigarette 
prices and adult smoking in sub-Saharan 
African countries is limited.

WHAT THIS STUDY ADDS
	⇒ The unconditional cigarette price elasticity of 
demand for those people who have just started 
smoking in the eight African countries in the 
sample is −0.495.

	⇒ Approximately three-quarters of this reduction 
in consumption is attributed to a reduction in 
smoking prevalence and the other quarter is 
attributed to a reduction in smoking intensity 
among continuing smokers.

	⇒ The absolute value of the price elasticity of 
conditional demand becomes smaller (less 
elastic) for each additional year that a smoker 
has smoked.

	⇒ For the average smoker in the sample, with 
a smoking duration of 18.07 years, the total 
elasticity estimate is –0.422. Around 86% of 
this reduction in consumption is attributed 
to a reduction in smoking prevalence, while 
the other 14% is attributed to a reduction in 
smoking intensity among continuing smokers.
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is typically reduced by using individual-level data since no 
one person can affect country prices through their own 
consumption.10 Aggregate data analysis also does not allow 
one to investigate individual effects.9 Typically, aggregate 
studies look only at price and income as determinants of 
cigarette demand, whereas individual data are much more 
fine grained, allowing one to study the impact of sociode-
mographic characteristics on cigarette demand and price 
responsiveness.9 While four studies that investigate the rela-
tionship between cigarette prices and adult cigarette demand 

outside of South Africa do use survey data, three of these 
studies rely on data collected in, or before, the year 2010 
(table 1).

Given that timely, locally relevant evidence on the likely 
impact of a tax increase is often required to convince policy-
makers to raise tobacco excise taxes,8 there is a clear need to 
update and expand the evidence base concerning the relation-
ship between cigarette prices and adult cigarette demand in 
sub-Saharan African countries.

A data source that can be used to examine the relation-
ship between cigarette prices and demand that has yet to be 
explored for adults in sub-Saharan Africa is the Global Adult 
Tobacco Survey (GATS).10–12 GATS is a nationally represen-
tative, standardised household survey of non-institutionalised 
adults aged 15 and older that collects data on tobacco use 
and tobacco control indicators globally.13 To date, eight sub-
Saharan African countries have implemented a single wave 
of GATS. Surveys have been conducted in Botswana (2017), 
Cameroon (2013), Ethiopia (2016), Kenya (2014), Nigeria 
(2012), Senegal (2015), Tanzania (2018) and Uganda (2013).

This study uses individual-level data from GATS to provide 
new evidence on the association between cigarette prices, 
smoking participation and conditional cigarette demand (ie, 
intensity) among adults from eight sub-Saharan African coun-
tries. To the best of my knowledge, there are no published 
estimates of the relationship between cigarette prices and 
demand that have taken advantage of the publicly available 
sub-Saharan African GATS data. In conducting this analysis, 
this paper adds to the literature on the association between 
cigarette prices and adult smoking in sub-Saharan Africa.

Table 1  Studies that estimate adult’s price elasticity of demand for cigarettes in sub-Saharan Africa

Study Country Data type Elasticity estimate (range)

Aggregate data

 � Reekie30 South Africa Annual time series data from 1970 to 1989 −0.88

 � van Walbeek31 South Africa Annual time series data from 1960 to 1990 Short run: −0.32 to −0.99
Long run: −0.53 to −1.52

 � Economics of Tobacco Control in 
South Africa Project32

South Africa Annual time series data from 1970 to 1994 Short run: −0.57 to −0.59
Long run: −0.69

 � Maravanyika33 Zimbabwe Annual time series data from 1970 to 1996 Short run: −0.52
Long run: −0.85

 � van Walbeek, 200534 South Africa Annual time series data from 1970 to 2003 Long run: −0.78

 � Boshoff35 South Africa Quarterly time series data from 1996 to 2006 Long run: −0.16 to −0.66

 � Tsighe et al36 Eritrea Annual time series data from 1998 to 2012 Long run: −0.82 to −2.81

 � Ho et al37 36 African countries Cross-country panel data from 1999 to 2013 −0.486 to −0.562

Survey data

 � Kidane et al38 Tanzania 2008 Tanzanian household budget survey Participation elasticity: −0.88
Conditional price elasticity: −0.85
Total elasticity: −1.73

 � Adeniji24 Nigeria Cross-sectional data from the Harmonized Nigerian Living 
Standard Survey (HNLSS, 2009–2010)

Conditional price elasticity: −0.62

 � Chelwa and van Walbeek25 Uganda Stacked cross sections for 2007 and 2009 from the Uganda 
National Panel Survey

Conditional price elasticity:
−0.26 to −0.33

 � Stoklosa et al26 Zambia Panel for 2012 and 2014 from the International Tobacco 
Control (ITC) Zambia Survey

Participation elasticity: −0.20

 � Dare et al27 South Africa Single cross section (2017) from the National Income Dynamics 
Study

Unconditional price elasticity: −0.86

 � Boachie and Ross39 South Africa Pooled data from two cross-sectional surveys of adult smokers 
living in selected South African townships

Conditional price elasticity: −0.295

 � Mukong and Tingum28 South Africa Panel for 2008, 2010, 2012 and 2014 from the National Income 
Dynamics Study

Participation elasticity:
−0.175 to −0.291
Conditional price elasticity: −0.43 to −0.69

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR 
POLICY

	⇒ The estimated price elasticities for a previously unexplored 
sample of eight African countries are in line with those of 
most other low and middle-income countries. This study thus 
supports the idea that the range in which estimates of adults’ 
price elasticity demand fall are truly global.

	⇒ This study shows that the biggest impact of a price-led 
decrease in the demand for cigarettes is on smoking 
prevalence, rather than the intensity of smoking. The 
epidemiological literature clearly indicates that a smoker will 
realise much greater health benefits if they quit smoking, 
rather than simply reducing consumption. Results of this 
research thus suggest that excise tax increases could be a 
potent tool to improve public health in the countries sampled.

	⇒ This study provides Africa-specific evidence for governments 
on the continent to increase excise tax rates on tobacco 
products.
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DATA AND METHODS
Data
GATS includes various modules that gather individual-level 
information on topics such as the respondents’ background char-
acteristics, tobacco use and cessation, expenditure on cigarettes, 
and quantities purchased, exposure to tobacco-related messages 
in the media, as well as attitudes towards tobacco use.13 GATS 
samples are randomly selected through stratified multistage 
cluster sampling methods. Survey sample weights were created 
accounting for non-response and poststratification adjustments 
to provide nationally representative estimates.13 Total sample 
sizes for completed individual interviews in each of the countries 
included in the analysis are presented in table 2.

While GATS is the only source of data on both smoking 
participation and conditional demand available for any of the 
countries in our sample, a drawback of these data is that they 
only represent a single year, rather than multiple cross sections 
over time. The analysis thus cannot control for country fixed 
effects that could influence the relationship between prices and 
smoking. Sub-Saharan African GATS data therefore cannot be 
used to establish causality between price and smoking behaviour 
for the sampled countries.

In an analysis of cigarette prices and adult smoking using GATS 
data from 13 non-African, low and middle-income countries 
(LMICs), Kostova et al demonstrate that in a pooled country 
cross-sectional framework, one can use between-country price 
variation to estimate the direction of the relationship between 
prices and smoking outcomes.10 To do this, the authors employ 
the two-part model developed by Cragg.14 The first part of 
this model estimates the probability of smoking participation 
(smoking prevalence) using a probit or logit regression.15 The 
second part of the model estimates the amount of cigarettes 
consumed by smokers (conditional cigarette demand) using ordi-
nary least squares.15

To address the presence of unobserved country differences 
that could affect the relationship between smoking and prices, 
Kostova et al control for gross domestic product (GDP) per capita 
in both of their regressions.10 Furthermore, the authors control 
for average local rates of exposure to cigarette advertising and 
average local rates of exposure to antismoking messaging in each 
of the countries.

In the current paper, where each country is also represented 
by a single year of data, the difference in cigarette prices across 
countries is used to study the association between cigarette prices, 
smoking participation and smoking intensity using Cragg’s two-
part model of cigarette demand.14

To account for the fact that the GATS sample size ‘oversam-
ples’ some countries relative to the actual size of their adult 
populations, and ‘under-samples’ others (table 2), the empirical 
specification, elaborated on in the section ‘Empirical Specifica-
tion’, uses weighted data, where a weight for each country is 
calculated as:

	﻿‍

weighti =

i=8∑
i=1

ni

ni × Ni
i=8∑
i=1

Ni
‍�

[1]

where ni is the sample size of country i, and Ni is the size of the 
adult population in country i, as derived from the World Bank 
Development Indicators.16

Dependent variables
The first regression in the two-part model estimates an individu-
al’s decision to smoke.17 The dependent variable, which is taken 
from GATS, takes a value of 1 if an individual indicated that 
they smoked cigarettes daily or less than daily, and 0 if they indi-
cated that they do not smoke cigarettes at all. Respondents not 
reporting their smoking status (n=619, 1.19% of observations) 
are excluded from the model. The highest smoking prevalence is 
observed in Botswana (11.7%) and the lowest in Ethiopia (2.8%) 
(table 3).

The second part of the two-part model examines the number 
of cigarettes consumed by smokers (conditional cigarette 
demand).17 The dependent variable—smoking intensity—is 
measured as the average number of cigarettes smoked per day 
by current smokers. Weighted average cigarette consumption 
among smokers in the sample is 8.1 cigarettes per day. Average 
cigarette consumption among smokers is highest in Ethiopia 
(10.2 cigarettes per day) and lowest in Uganda (5.8 cigarettes 
per day) (table 3). The following subsection discusses each of the 
control variables included in the models.

Independent variables
Three types of independent variables are employed in this anal-
ysis: individual-level variables, primary sampling unit (PSU)-
level variables and country-level variables.

Individual-level variables
Both models control for age (and age2 to account for poten-
tial non-linearity between age and smoking outcomes), gender, 
residence location, education, personal wealth, employment 
status, marital status and whether the respondent believes that 
smoking tobacco causes illness. Smoking duration is also added 
as a control in the second part of the two-part model. Sample 
means of these individual-level variables are presented in table 3. 
Construction of each of these variables is discussed in online 
supplemental appendix 1.

The average respondent in the sample is 33.1 years old, while 
the average age of smokers is 39.1 years old (table  3). There 
are slightly more females (50.7%) than males (49.3%) in the 
sample. Thirty-three per cent of the sample live in urban areas, 
while 67% live in rural areas. Cameroon has the largest propor-
tion of people living in urban areas (50.1%), and Ethiopia has 
the lowest proportion (24.1%). In terms of education, 42% of 
people in the sample have no formal education. Senegal has the 
highest proportion of people with no formal education (69.6%), 
while Botswana has the lowest proportion (16.7%).

Botswana has the largest proportion of people in the highest 
wealth quintile (52.2% of its population), while Uganda has 
the lowest (3.7% of its population). In terms of employment, 

Table 2  Sample sizes of GATS implementing sub-Saharan African 
countries

Country Survey year
GATS sample
(n)

Population aged 15 and 
older in millions (N)

Botswana 2017 4643 1.45

Cameroon 2013 5271 12.48

Ethiopia 2016 10 150 60.38

Kenya 2014 4408 27.12

Nigeria 2012 9765 93.33

Senegal 2015 4347 8.24

Tanzania 2018 4797 31.48

Uganda 2013 8508 18.38

GATS, Global Adult Tobacco Survey.
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Tanzania has the highest employment rate among our sample 
of countries (69.6%), while Botswana has the lowest (44.3%). 
Around 12% of respondents do not know or believe that 
smoking tobacco causes serious illness. The proportion of those 
who are misinformed about the harms of tobacco use is highest 
in Nigeria (17.7%) and lowest in Botswana (4.7%).

Average smoking duration in the sample is 18.07 years, while 
this average age of smokers is 39.1 years (table 3). This indicates 
that the average smoker in the sample started smoking at around 
the age of 20. Average smoking duration is highest in Uganda at 
21.2 years and lowest in Botswana at 15.1 years.

PSU-level variables
Three PSU-level variables are included in the analysis: two that 
control for the local tobacco-related environment (the local 
prevalence of cigarette advertising exposure and the local preva-
lence of antitobacco media messages) and cigarette prices. Vari-
able construction is described in online supplemental appendix 
1. Sample means are presented in table 3.

Cigarette prices are highest in Botswana and lowest in 
Cameroon. Because density plots reveal that prices are skewed 
before logging, but normal after, these prices enter the regres-
sions in logarithmic form. The average prevalence of ciga-
rette advertising is 0.21, indicating that approximately 21% 
of respondents had been exposed to cigarette advertising. The 
range of the PSU-level rate of advertising between countries 
varies greatly, with Cameroon exhibiting the highest prevalence 
of cigarette advertising exposure (0.80) and Ethiopia the lowest 
(0.04). The average prevalence of antitobacco media messages in 
the sample is 0.45, with Botswana and Cameroon exhibiting the 
highest prevalence of exposure to antismoking messages (0.78), 
and Ethiopia the lowest (0.24).

For both the participation and intensity models, I conduct a 
sensitivity analysis of the results obtained under the specifica-
tion that uses the local prevalence of cigarette advertising expo-
sure and the local prevalence of antitobacco media messages 
to proxy for the local tobacco control environment. To do 
this, these PSU-level variables are replaced with each country’s 
‘POWE’ composite score, where ‘POWE’ represents four of the 
six components of the WHO’s MPOWER policy package (see 
online supplemental appendix 1 for details).18

Country-level variables
In their analysis of the association between cigarette prices and 
smoking outcomes using pooled cross sections of GATS data 
from 13 non-African LMICs, Kostova et al used per-capita 
GDP as a catch-all proxy for unobserved country differences.10 
This variable gave them a statistically significant coefficient. 
Provisional specifications with per-capita GDP for the current 
sample of countries did not yield a significant coefficient. Given 
the high degree of inequality in the countries included in the 
present sample,19 and the fact that per-capita GDP is an average 
measure of well-being, the percentage of people living below 
the poverty line in each country may be a better measure of 
standard of living than per-capita GDP for the countries under 
study.

Following Filby and van Walbeek,20 to control for the impact 
of poverty levels on tobacco use, the percentage of the popu-
lation living on less than $1.90 a day (at 2011 international 
prices) is added to the regressions. This poverty line is set by the 
World Bank to classify those people living in extreme poverty.21 
At the time that they implemented GATS, Botswana (2017) had 
the lowest proportion of people living below the poverty line 
(15.5%), while Nigeria (2012) had the highest (56.4%) (table 3).

Table 3  Sample means

Botswana Cameroon Ethiopia Kenya Nigeria Senegal Tanzania Uganda

Survey year 2017 2013 2016 2014 2012 2015 2018 2013

Individual-level variables: cigarette smokers only

 � % current smokers 11.7 5.75 2.79 7.06 3.69 4.17 5.58 4.23

 � Average number of cigarettes smoked per day 6.33 8.29 10.21 8.67 7.12 9.23 7.42 5.84

 � Average age of smokers 36.4 38.13 37.6 40.35 39.18 35.52 39.63 41.56

 � Smoking duration* (number of years) 15.1 17.87 16.71 20.21 19.14 16.92 17.4 21.2

Individual-level variables: smokers and non-smokers

 � Average age 36.59 33.58 31.23 33.64 33.65 34.55 34.53 33.98

 � % male 48.05 48.31 49.94 48.78 50.04 48.53 47.86 47.2

 � % urban 46.2 50.05 24.14 34.96 36.95 49.95 33.21 25.83

 � % with no formal education 16.68 40.37 50.63 38.33 36.21 69.55 29.58 55.63

 � % of population in the highest wealth quintile of all eight countries 
combined

52.21 18.66 6.45 9.13 24.63 25.54 15.22 3.74

 � % employed 44.28 48.69 50.39 47.32 60.15 48.48 69.61 64.33

 � % single 77.16 34.93 35.71 32.71 33.68 34.54 28.93 29.92

 � % misinformed about the harms of tobacco use 4.73 4.63 12.02 7.22 17.65 6.13 7.71 5.42

PSU-level variables: smokers and non-smokers

 � Average PSU-level price paid per pack, PPP-adjusted constant 2019 dollars 9.02 2.26 2.59 2.79 3.18 2.67 3.24 2.62

 � Average PSU-level advertising exposure rate 0.21 0.8 0.04 0.19 0.21 0.4 0.35 0.25

 � Average PSU-level exposure rate to antitobacco messaging 0.78 0.78 0.24 0.64 0.43 0.58 0.55 0.69

 � Number of PSUs 364 210 370 189 1058 244 204 400

Country-level variables

 � % living below the poverty line 14.5 26 30.8 37.1 56.4 38.5 49.4 41.3

 � ‘POWE’ composite score (out of possible 25 points) 14 17 16 17 13 19 14 11

*Only included in model of conditional demand.
PPP, purchasing power parity; PSU, primary sampling unit.
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In terms of their implementation of key tobacco control poli-
cies, reflected in their composite ‘POWE’ scores, Senegal has 
the most comprehensive tobacco control policies, while those in 
Uganda are the least comprehensive.

Empirical specification
As indicated earlier, the analysis employs Cragg’s two-part model 
of cigarette demand. In part 1, models of smoking participation 
are estimated with a probit regression and the average marginal 
effects are reported.17 Average marginal effects and the price 
elasticity of smoking participation are estimated using Stata’s 
‘margins’ command.22

In part 2, based on the most favourable Akaike information 
criterion statistic between competing models, a generalised 
linear model with a normal distribution and log link is employed 
to estimate the covariates of smoking intensity. As is standard 
practice, the number of cigarettes smoked by smokers enters the 
model in logarithmic form.15 This allows one to interpret the 
coefficient on the logarithm of price as an intensity (or condi-
tional) elasticity.23

Missing data on the independent variables make up less than 
0.3% of observations. Individuals with non-responses on any of 
the analysis variables are therefore excluded from the analysis. 

The final sample consists of 51 270 respondents from eight 
countries.

The regressions employ a pooled country cross-sectional 
framework. Price elasticities are reported at the mean charac-
teristics of the sample. The total (or unconditional) price elas-
ticity of demand is calculated by adding the price elasticities of 
demand from the first and second parts of the two-part model.

RESULTS
Results from the smoking participation and conditional demand 
models are presented in part 1 and part 2 of table 4, respectively.

Smoking participation
Higher cigarette prices are significantly (at the 1% level) asso-
ciated with lower smoking prevalence. The estimated price 
elasticity of participation is –0.362 (95% CI –0.55 to –0.18) 
indicating that a 10% increase in cigarette price is associated 
with a 3.62% decrease in prevalence. Exposure to cigarette 
advertising and exposure to antismoking messages are not statis-
tically significant determinants of smoking participation. The 
coefficient on the ‘POWE’ composite score is also statistically 
insignificant (online supplemental appendix 2).

Table 4  Average marginal effects from two-part model of cigarette demand

Part 1 Part 2

Smoking participation (logit: smoking=1)
Conditional demand (dependent 
variable=ln(consumption))

 �  n=51 122 n=2284

ln(Cigarette price) −0.014*** (0.004) −0.133*** (0.031)

Smoking duration – 0.003 (0.002)

ln(Cigarette price)×smoking duration – 0.004** (0.001)

Local rate of exposure to cigarette advertising 0.013 (0.015) 0.028 (0.067)

Local rate of exposure to antismoking messages 0.009 (0.017) −0.166 (0.120)

Age 0.007*** (0.001) 0.007 (0.005)

Age squared −0.00007*** (0.000) −0.0002** (0.000)

Male 0.127*** (0.012) 0.149*** (0.041)

Urban 0.001 (0.008) 0.035 (0.035)

Education (base=no formal education)  �

 � Primary schooling completed 0.007 (0.004) 0.016 (0.030)

 � Secondary schooling completed 0.002 (0.006) 0.022 (0.040)

 � Any form of tertiary education −0.012** (0.005) 0.036 (0.047)

Wealth (base=lowest wealth quintile)  �

 � Low −0.006 (0.004) 0.116* (0.061)

 � Mid −0.011 (0.008) 0.158** (0.078)

 � High −0.020 (0.013) 0.162** (0.080)

 � Highest −0.025* (0.014) 0.134* (0.071)

Employment (base=employed)  �

 � Unemployed 0.008 (0.006) 0.084* (0.045)

 � Not in the workforce −0.026*** (0.0058) −0.020 (0.039)

Marital status (base=single/never married)  �   �

 � Married/cohabiting −0.022*** (0.007) 0.033 (0.033)

 � Divorced/separated/widowed 0.016*** (0.005) 0.000 (0.043)

Misinformed about the harms of tobacco smoking 0.027*** (0.009) 0.023 (0.0706)

% of the population living below the PPP $1.90 poverty line −0.001*** (0.000) −0.004** (0.002)

Price elasticity −0.362*** −0.133***†

SEs are clustered by country and indicated in parentheses.
*p<0.1; **p<0.05; ***p<0.01.
†Indicates that this is the price elasticity of demand for people who have just started smoking. As indicated by the coefficient on the interaction between cigarette price and 
smoking duration, the price elasticity of demand becomes less elastic as smoking duration increases.
PPP, purchasing power parity.
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In terms of individual-level characteristics, being male is 
associated with a substantially higher probability of smoking. 
Smoking participation increases as age increases, though the 
marginal effect is diminishing as age increases. For ages greater 
than 50, the likelihood of smoking decreases as age increases. 
Education and income effects are only statistically significant at 
the highest levels of these socioeconomic indicators. The proba-
bility of smoking is 1.2 percentage points lower among individ-
uals with any form of tertiary education compared with those 
with no formal schooling, and it is 2.5 percentage points lower 
among those in the highest wealth index relative to those in the 
lowest.

Relative to singletons, those who are married/cohabitating 
are less likely to smoke while those who are divorced/separated/
widowed are more likely to smoke. Those who do not know/
believe that smoking tobacco causes serious illness are signifi-
cantly more likely to smoke than those who believe/know that 
it does. At the country level, people in countries with higher 
poverty rates are less likely to smoke.

The sensitivity analysis does not alter the statistical signifi-
cance of any of these results, with one exception. The coefficient 
on ‘primary schooling completed’ changes from being statisti-
cally insignificant in the original specification to being statisti-
cally significant at the 5% level in the sensitivity analysis.

Conditional cigarette demand
Cigarette price is negatively and significantly (at the 1% level) 
associated with lower cigarette consumption among smokers. 
The coefficient on cigarette price must be interpreted alongside 
the coefficient on the interacted term ‘cigarette price x smoking 
duration’. These two coefficients suggest that someone who has 
just started smoking cigarettes has a conditional price elasticity 
of demand of –0.133. However, the absolute value of the condi-
tional demand elasticity becomes smaller (less elastic) by 0.004 
units for each additional year that a person smokes. Given that 
average smoking duration in the sample is 18.07 years (table 3), 
the conditional price elasticity of the average smoker is −0.06 
(=−0.133+(18.07*0.004)).

Among smokers, the number of cigarettes smoked increases as 
age increases, though at a decreasing rate. Being male, wealthier 
and living in a country with a lower proportion of people living 
below the poverty line are associated with heavier smoking. The 
sensitivity analysis does not alter the statistical significance of 
any of these results (online supplemental appendix 2).

DISCUSSION
This paper has shown that several factors, both demographic and 
policy related, influence adult smoking prevalence and intensity 
in eight sub-Saharan African countries. In terms of the factors 
that can be directly influenced by tobacco control policy, the 
models incorporated the effects of exposure to antismoking 
messaging and cigarette advertising, cigarette prices and whether 
the individual knew/believed that tobacco smoking is harmful 
to one’s health. A sensitivity analysis that replaces local rates of 
exposure to antismoking messaging and cigarette advertising 
with ‘POWE’ composite scores was also conducted.

Exposure to antismoking messaging and exposure to cigarette 
advertising are not statistically significant predictors of smoking 
prevalence or intensity. In the sensitivity analyses, the coefficient 
on the ‘POWE’ composite score was also not statistically signifi-
cant. Knowing or believing that tobacco use is harmful is associ-
ated with a decreased likelihood of smoking cigarettes, but does 
not impact the number of cigarettes smoked. This suggests that 

once the decision to smoke is made, health messaging does not 
have a clear impact on smoking behaviour for countries in the 
sample.

Of all the factors that can be influenced by tobacco control 
policy included in the models, cigarette price is the only statis-
tically significant predictor of both smoking participation and 
intensity. Results show that higher cigarette prices are associated 
with reductions in smoking prevalence and cigarette consump-
tion among adults in the sampled countries. This result is robust 
to the aforementioned sensitivity analysis.

The estimated total price elasticity of cigarette demand for 
by new adult smokers is –0.495. For the average smoker in the 
sample, with a smoking duration of 18.07 years, the elasticity 
estimate is –0.422. These estimates fall within the range found for 
other African countries,24–28 and LMICs more broadly.3 7 Since 
governments can influence the retail price of cigarettes through 
increased excise taxation, this study shows that increases in the 
excise tax would be an effective tobacco control intervention.

The epidemiological literature indicates that a smoker will 
realise much greater health benefits if they quit smoking, rather 
than simply reducing consumption.29 Thus, the proportion 
of the total price elasticity that is accounted for by elasticity 
of smoking prevalence is particularly relevant from a public 
health perspective. For new smokers in the sampled countries, 
approximately three-quarters of the reduction in consumption 
is attributed to a reduction in smoking prevalence and the other 
quarter is attributed to a reduction in smoking intensity among 
continuing smokers. Results further show that the impact of 
price on smoking intensity decreases as one’s smoking duration 
increases. For the average smoker in the sample, the propor-
tion of the reduction in consumption driven by a reduction in 
smoking prevalence is even higher (–0.362/–0.422=86%) than 
that attributable to a reduction in smoking intensity among 
continuing smokers (–0.06/–0.422=14%). The policy implica-
tion of this is that key priority should be placed on preventing 
smoking participation by significantly increasing cigarette prices.

This study has limitations. First, the strength of the results 
is limited by the lack of survey data over time and the corre-
sponding inability to control for country fixed effects. They 
therefore point only to the direction and strength of the rela-
tionship between price and smoking outcomes for this sample 
of eight sub-Saharan African countries. Scholars will be able 
to more quantify the relationship between price and smoking 
outcomes more precisely if new waves of GATS are repeated 
over time. Second, because the models rely on self-reported 
prices, the prices used in the analysis may be subject to reporting 
errors. The direction of the reporting errors is unknown. Third, 
GATS was not conducted in the same year in all countries. There 
is therefore a risk of bias created by the different periods of time. 
Fourth, the models only control for average prices, which makes 
no allowance for the fact that the distribution of cigarette prices 
may vary between countries. To the extent that a wider range 
of prices may encourage existing smokers to down trade rather 
than quit, or encourage smoking initiation, the results presented 
in this paper may be biased.

CONCLUSION
This paper adds to a substantial literature that estimates the price 
elasticity of demand using cross-sectional survey data. The contri-
bution of this paper is that it focuses on an under-researched 
region, sub-Saharan Africa. The estimated price elasticities align 
with those of most other LMICs. This paper supports the idea 
that some principles in the economics of tobacco control (like 
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the range in which the price elasticity of demand falls) are truly 
global.

It is fortuitous that the biggest impact of a price-led decrease 
in the demand for cigarettes is on prevalence, rather than 
smoking intensity. The public health impact of people quitting 
smoking is much greater than continuing smokers cutting back 
their consumption. This finding for these eight African coun-
tries makes an increase in the excise tax a more potent tool than 
in countries where the primary impact of a price increase is on 
reducing smoking intensity. Governments of African countries 
would do well to make more use of this powerful tool to reduce 
the demand for tobacco products.
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Appendix 1. Independent variable construction 

Three types of independent variables are employed in the regressions analysis: individual-level 

variables, primary sampling unit (PSU)-level variables and country-level variables.  Below is 

a  list each of the independent variables used in the analysis, and a description of how that 

variable was derived or constructed.  

Individual-level variables 

All individual-level variables are derived from GATS. 

 

Age.  GATS asks the age of all individuals who are surveyed.  This is a continuous variable.  

 

Gender. GATS asks all individuals to identify their gender. This is modelled as a binary 

indicator equal to one if the respondent is male and zero if the respondent is female.  

 

Residence type. This is a binary indicator equal to one if the respondent lives in an urban area, 

and zero if they live in a rural area.  

 

Education. GATS asks individuals to list the highest level of education that they have 

completed. The education systems differ across countries, which resulted in different education 

levels being reported across the different surveys. I therefore created a relative measure of 

educational attainment in line with the approach adopted by Nargis et al. [1]. The relative 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Tob Control

 doi: 10.1136/tc-2022-057626–7.:10 2022;Tob ControlFilby S. 



 2 

education categories included in the analysis are “No formal education,” “Primary schooling 

completed,” “Secondary schooling completed,” “Any form of tertiary education.”  

 

Personal wealth. GATS does not collect data on personal or household income. Instead, 

respondents are asked about their possession of different household items. Multiple 

correspondence analysis is used to construct a wealth index based on each respondent’s built 

environment and ownership of private assets within a household. Items included in the index 

are access to electricity and a flush toilet in the house, and whether anyone in the household 

has a fixed-line telephone, a mobile phone, television, radio, refrigerator, car, scooter or a 

washing machine. Ownership of a computer, a bicycle or clock watch was not included across 

all country surveys. These items are therefore excluded from the wealth index. The index itself 

is divided into five quintiles, with Quintile 1 being the poorest wealth category and Quintile 5 

being the wealthiest category.   

 

The allocation of a wealth quintile to a particular individual can be based on their wealth status 

in relation to others in their country, or in relation to all individuals from all eight countries. I 

chose to assess each individual’s wealth status in the context of the pooled cross section of 

data. This approach to classifying an individuals’ wealth status is more appropriate because it 

allows one to account for the fact that standards of living may vary greatly between countries. 

This ensures that each wealth quintile contains those individuals who are most similar in terms 

of wealth, despite their geography. It also avoids allocating people from different countries to 

the same wealth quintile despite that these people may live in countries that have vastly 

different incomes. 

 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Tob Control

 doi: 10.1136/tc-2022-057626–7.:10 2022;Tob ControlFilby S. 



 3 

For example, consider two countries, Mali and Norway. Mali has a GDP per capita of around 

859 USD. Norway has a GDP per capita of around 67 295 USD. Being in the top income 

quintile in Mali and being in the top income quintile in Norway will clearly be two very 

different experiences. If one grouped the people in the top income quintile in Mali together 

with the people in top income quintile in Norway, one would be trying to liken people of vastly 

different incomes. By assigning people to a wealth category in a manner that accounts for the 

fact that standards of living may greatly between countries, one is able to compare people who 

are more similar in terms of their wealth status.  

 

Employment status. In GATS, survey respondents are asked to identify any one of the 

following as their main work status over the past 12 months: government employee; non-

government employee; self-employed; student; homemaker; retired; unemployed but able to 

work; and unemployed but unable to work. These options were then grouped into three 

categories: (1) “Employed” (includes government employees, non-government employees, and 

those who are self-employed), (2) “Unemployed” (includes those who are unemployed, but 

able to work), (3) “Not in the workforce” (includes students, homemakers, those who are 

retired and those who are unemployed and unable to work).  

 

Marital status.  GATS asks individuals their the marital status. Respondents can identify as 

single, married/cohabiting, separated, divorced, or widowed. These options were then 

classified into three categories: (1) “Single/never married”; (2) “Married/cohabiting” and (3) 

“Divorced/Separated/Widowed”.  

 

Misinformation about harms of tobacco smoking. GATS asks all respondents: “Based on 

what you know or believe, does smoking tobacco cause serious illness?” We construct a binary 
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indicator equal to one if the respondent answered “No” or “Don’t Know” to the question, 

indicating that the respondent does not believe/does not know that smoking tobacco causes 

illness. We set the indicator equal to zero if the respondent answered “Yes” to the question, 

indicating that they are informed about the health harms of tobacco use.  

 

Smoking duration. GATS asks all surveyed individuals their age, and asks all daily current 

cigarette smokers how old they were when they first started smoking tobacco daily. For each 

daily smoker, I subtract the age they started smoking daily from their age to get the number of 

years the individual has been a daily smoker. This regressor is only included in the second part 

of the two-part model, which estimates conditional demand for cigarettes. GATS does not ask 

non-daily smokers when they first started smoking tobacco. Non-daily smokers are thus 

excluded from the analysis of conditional cigarette demand.   

 

Primary sampling unit (PSU)-level variables  

All PSU-level variables are derived from GATS. These variables are constructed by 

aggregating and/or averaging individual responses at the PSU-level to reduce potential 

endogeneity of individual responses. 

 

Cigarette prices. GATS asks daily smokers and less than daily smokers the exact number of 

cigarettes they purchased the last time they purchased manufactured cigarettes. GATS also 

asks the amount of money they spent for this purchase. These two questions are used to 

calculate the average purchase price for one manufactured cigarette (i.e. the amount of money 

spent divided by the number of cigarettes purchased). The price per stick is then multiplied by 

20 to get the price per pack of 20 cigarettes in local currency.  
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The price per pack is then averaged at the PSU-level. Some PSUs do not contain individual 

responses on cigarette prices, which prevents the calculation of an average price specific to 

these PSUs. Following Kostova et al. (2013) [2], individuals in these PSUs are matched using 

their residence location (urban or rural) with prices averaged at the urban/rural level for each 

country. Cigarette prices are then transformed into a common dollar currency using country-

specific purchasing power parity (PPP) conversion factors obtained from the World Bank 

Development Indicators [3]. This adjustment accounts for the cost of living and increases the 

comparability of prices across countries. Prices expressed in real 2019 PPP dollars are 

presented in Table 3. Prices enter the regressions in logarithmic form.   

 

Local prevalence of cigarette advertising exposure is calculated as the PSU-level mean of a 

binary individual-level variable indicating whether the respondent had recently (in the last 30 

days) seen any advertisements or signs promoting cigarettes through any of the following 

channels: television, radio, billboards, posters, newspapers, magazines, cinema, the internet, 

public transportation vehicles or stations, public walls. The average prevalence of cigarette 

advertising in our sample is 0.21, indicating that approximately 21% of respondents had been 

exposed to cigarette advertising.  

 

Local prevalence of anti-tobacco media messages is calculated as the PSU-level mean of a 

binary individual-level indicator showing whether, in the past month, the respondent had seen 

any information about the dangers of using cigarettes, or any information that encourages 

quitting in newspapers, magazines, television, radio, or billboards.  
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Country-level variables 

Poverty headcount ratio at PPP$1.90 a day. These data were obtained from the World Bank 

Development Indicators [3].  

 

“POWE” Composite Score.  In 2008, the World Health Organization introduced a measure 

to assess countries’ implementation of the key demand-reduction measures recommended by 

the Framework Convention on Tobacco Control [4]. This measure is called the MPOWER 

score. The MPOWER score assigns points to countries in each of the following areas :"Monitor 

tobacco use”; “Protect people from tobacco smoke”; “Offer help to quit tobacco use”; “Warn 

about the dangers of tobacco”; “Enforce bans on tobacco advertising, promotion and 

sponsorship”; and Raise taxes on tobacco products”.  

 

For the “M” policy dimension, the score values range from 1 to 4 in which a score of 1 

represents “no known data or no recent data or data that are not both recent and representative”, 

and a score of 2–4 represents the weakest to the strongest level of the policy [5]. For the other 

five policy elements (POWER), the score measures its overall strength on a scale of 1 to 5 in 

which a score of 1 represents “ Data not reported” and a score of 2–5 represents the weakest to 

strongest level of implementation of these policies [5]. 

 

An MPOWER composite score is calculated by adding up the different score in each individual 

component of MPOWER. Importantly, for the “W” component of MPOWER, a country is 

scored twice: first on a scale of 1-5 for the health warnings of cigarette packages, and second 

on a scale of 1-5 for the mass media anti-tobacco campaigns. In both cases, a score of 1 

represents “Data not reported” and a score of 2–5 represents the weakest to strongest level of 

implementation of these policies.  
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This means that a country can earn a maximum of 34 points. The scores range from 7 (1 in 

each of the seven MPOWER components: recall the W component is scored twice) and 34 (4 

in M component and 5 in six POWER components: recall the W component is scored twice).  

 

For the purpose of this paper, I exclude the “M” and “R ”components of the MPOWER 

composite scores to obtain the “POWE” score for .each country in the sample.  This is because 

the “M” component measures the extent to which countries “monitor tobacco use and 

prevention policies”. This does not reflect the state of tobacco-control policy implementation 

in a given country. I therefore exclude it from the construction of the composite score. The “R” 

component of the MPOWER package is excluded because the regressions already control for 

cigarette prices. 

To calculate the “POWE” composite score for each country, I sum the different scores for each 

of the individual components of “POWE”, bearing in mind that the “W” component is scored 

twice. This means that a country can earn a maximum of 25 points. The scores range from  (1 

in each of the five POWE components) and 25 (a score of five in each of the POWE 

components).  
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Appendix 2. Sensitivity analysis  

 

This Appendix shows the results of re-running the regressions and replacing the local 

prevalence of cigarette advertising exposure and the local prevalence of anti-tobacco media 

messaging with the “POWE” composite scores for each country. The results of this exercise 

are presented in the two tables below. Supplementary Table S1 below compares the results of 

the original regression specification for smoking participation (left-hand column) with the 

results obtained by including the POWE composite score (the grey-shaded column).  

Supplementary Table S1: Models of smoking participation under different 

specifications 

 PART 1 PART 1 

 

Smoking 
participation 

(Logit: 
Smoking = 1) 

Smoking 
participation 

(Logit: Smoking = 
1) 

 N= 51,122 N= 51,122 

Ln(Cigarette price) -0.014*** 

(0.004)  

-0.015*** 

(0.003) 

POWE Composite Score 
- 

-0.023 

(0.031) 

   

Local rate of exposure to cigarette advertising 0.013 

(0.015)  

- 

Local rate of exposure to antismoking messages 0.009 

(0.017)  

- 

Age 0.007*** 

(0.001)  

0.007*** 

(0.001) 

Age squared 
-0.00007*** 

(0.000)  

-0.00007*** 

(0.000) 

 

Male 0.127*** 

(0.012)  

0.126*** 

(0.012) 

Urban 0.001 

(0.008) 

0.001 

(0.009) 

  
 

Education (base = no formal education)   
 

Primary schooling completed 0.007 

(0.004)  

0.008** 

(0.004) 

Secondary schooling completed 

0.002 

(0.006)  

0.002 

(0.006) 

 

Any form of tertiary education -0.012** 

(0.005) 

-0.011** 

(0.005) 
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Wealth (Base = lowest wealth quintile)   
 

Low -0.006 

(0.004)  

-0.005 

(0.004) 

Mid 

-0.011 

(0.008)  

-0.011 

(0.008) 

 

High 

-0.020 

(0.013)  

-0.020 

(0.013) 

 

Highest -0.025* 

(0.014) 

-0.025* 

(0.014) 

  
 

Employment (Base = employed)   
 

Unemployed 0.008 

(0.006)  

0.007 

(0.006) 

Not in the workforce -0.026*** 

(0.0058)  

-0.027*** 

(0.006) 

Marital status (Base = single/never married) 
 

  

 

Married/cohabiting -0.022*** 

(0.007)  

-0.023*** 

(0.008) 

Divorced/Separated/Widowed 0.016*** 

(0.005)  

0.015*** 

(0.006) 

Misinformed about the harms of tobacco smoking 0.027*** 

(0.009) 

 

0.025*** 

(0.001) 

% of the population living below the PPP$ 1.90 poverty 
line  

-0.001*** 

(0.000) 

-0.001*** 

(0.000) 

Price elasticity -0.362*** -0.378*** 

Standard errors are clustered by country and indicated in parentheses.  

*p < .1; **p < .05; ***p < .01. 

 

The results of the sensitivity analysis for conditional cigarette demand are presented in 

Supplementary Table S2.  The regression specification with the POWE composite scores is in 

the grey highlighted column, while the results of the original specification (which includes 

local rates of exposure to cigarette advertising and antismoking messages instead of the POWE 

composite scores) are in the unhighlighted column on the left. 

Supplementary Table S2: Models of conditional cigarette demand under different 

specifications 

 PART 2 PART 2 

 

Conditional 
demand  

(Dep. var. = 
ln(consumption) 

Conditional 
demand  

(Dep. var. = 
ln(consumption) 
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 N= 2,284 N= 2,284 

Ln(Cigarette price) -0.133*** 

(0.031) 

-0.128*** 

(0.040) 

 

Smoking duration 
 
 

0.003 

(0.002) 

0.003 

(0.002) 

Ln(Cigarette price) x Smoking duration  
 

0.004** 

(0.001) 

 

0.003** 

(0.001) 

POWE Composite Score  - -0.024 

(0.023) 

   

Local rate of exposure to cigarette advertising 0.028 

(0.067) 

 

- 

Local rate of exposure to antismoking messages -0.166 

(0.120) 

 

- 

Age 0.007 

(0.005) 

 

0.006 

(0.005) 

Age squared -0.0002** 

(0.000) 

 

-0.0002** 

(0.000) 

 

Male 0.149*** 

(0.041) 

0.150*** 

(0.038) 

 

Urban 0.035 

(0.035) 

0.036 

(0.035) 

 
  

Education (base = no formal education)  
  

Primary schooling completed 0.016 

(0.030) 

 

0.005 

(0.025) 

Secondary schooling completed 0.022 

(0.040) 

-0.002 

(0.038) 

 

Any form of tertiary education 0.036 

(0.047) 

0.035 

(0.046) 

 
  

Wealth (Base = lowest wealth quintile)  
  

Low 0.116* 

(0.061) 

0.111* 

(0.067) 

 

Mid 0.158** 

(0.078) 

0.015** 

(0.071) 

 

High 0.162** 

(0.080) 

0.149** 

(0.072) 

 

Highest 0.134* 

(0.071) 

0.113* 

(0.064) 

 
  

Employment (Base = employed)  
  

Unemployed 0.084* 

(0.045) 

0.071 

(0.045) 

 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Tob Control

 doi: 10.1136/tc-2022-057626–7.:10 2022;Tob ControlFilby S. 



 11 

Not in the workforce -0.020 

(0.039) 

-0.012 

(0.043) 

Marital status (Base = single/never married)   

Married/cohabiting 0.033 

(0.033) 

 

0.049 

(0.032) 

Divorced/Separated/Widowed 0.000 

(0.043) 

0.014 

(0.034) 

 

Misinformed about the harms of tobacco smoking 0.023 

(0.0706) 

0.019 

(0.069) 

 

% living below the poverty line -0.004** 

(0.002) 

-0.004** 

(0.002) 

Price elasticity -0.133***! -0.128***! 

Standard errors are clustered by country and indicated in parentheses.  

*p < .1; **p < .05; ***p < .01. 

! indicates that this is the price elasticity of demand for people who have just started smoking. As indicated by 

the coefficient on the interaction between cigarette price and smoking duration, the price elasticity of demand 

becomes less elastic as smoking duration increases.  
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